The use of the fish silage as an ingredient in feed for aquatic organisms is an alternative to solve sanitary and environmental problems caused by the lack of an adequate destination for the residues generated by the fishing industry. It would also lower the costs with feed, and consequently the fish production costs, since the expenses with the feed account for approximately 60% of the total cost. The objective of this study was to evaluate the fatty acid composition of the acid silage (AS), biological silage (BS) and enzymatic silage (ES) produced from discardings of the culture and from processing residues of the Nile tilapia (Oreochromis niloticus). The values found for lipids (dry matter basis) were: 12.45; 12.25 and 12.17 g 100 g -1 for BS, AS, and ES, respectively. The fatty acids present in the lipid fraction of the silages are predominantly unsaturated. Oleic acid was present in larger amounts (30.49, 28 .60 and 30.60 g 100 g -1 of lipids for BS, AS and ES, respectively). Among saturated fatty acids, palmitic and stearic acids were present in larger amounts. Only traces of eicosapentaenoic (EPA) and docosahexaenoic (DHA) fatty acids were found. The silages produced from discardings of the culture and processing residues of the Nile tilapia are not a good source of EPA and DHA for fish feeds.
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INTRODUCTION
Mainly in tropical countries, large quantities of fish are wasted during capture, commercialization, and industrialization processes (VIDOTTI, VIEGAS e CARNEIRO, 2003). Due to a lack of adequate use, fisheries wastes and rejects may accumulated and cause environmental, health, and economical problems; but when processed and turned in by-products, they can become alternative, potentially good feedstuff for aquafeeds. That has been considered to be the case of fish silage, which according to BEERLI Fish silage is a liquid or semi-liquid product resulting from the preservation (ensilage) of whole fish or parts by the addition of acids (acid silage) or carbohydrate-induced microbial fermentation (biological silage). In the ensilage process, proteins are hydrolyzed by naturally present and (or) added enzymes (enzymatic silage); the process is favored by the adjustment of pH. The final result is a paste-like product, rich in protein, short-chain peptides and free amino acids ( The composition of silage is very similar to the raw material, though its nutritional value may be negatively affected with the increase in the storage time due to the formation of a large quantity of free amino acids and lipid oxidation (ESPE & LIED, 1999; KOMPIANG, 1981; VIANA, GUSMAN & ESCOBAR, 1999) .
Several authors have demonstrated the nutritional and economical feasibility of using fish silage in diets of several fish species, not to mention environmental benefits of this practice (FAGBENRO &  JAUNCEY, 1995; GODDARD & PERRET, 2005; VIDOTTI, CARNEIRO & VIEGAS, 2002) .
The objective of this work was to evaluate the fatty acid composition of acid, biological and enzymatic silages of Nile tilapia (Oreochromis niloticus).
MATERIAL AND METHODS
RAW MATERIAL
The raw material was 20% of Nile tilapia processing (filleting) wastes -heads, viscera, scales, fins, vertebral column, skin, adhered tissues -plus 80% whole Nile tilapias (trash fish), grinded in an electrical mincer (ML-4.0 WEG-μline) to yield 60 kg of a homogenous mass.
INOCULUM SOLUTION
Lactobacillus plantarum, a lactic acid producer, was used as inoculum. Cell multiplication was carried out from an aliquot of 0.1 mL of the previously activated culture, inoculated in a test tube with 5 mL of Mann Rugosa Sharp (MRS) Broth Lactobacilli produced by DIFCO, and incubated at 35 o C for 24 hours. After 24 hours, 5 mL aliquots of the test tubes were inoculated in Erlenmeyers flasks containing 500 mL of the MRS medium. After that they were incubated at 35 o C for 48 hours in order to obtain concentrations of at least 10 8 cells mL -1 (inoculum medium). The material containing microorganisms was centrifuged in a BHG-Hermle/Z320 (4000 x G), at 25ºC, for 15 min to separate the cell mass. The centrifuged products were suspended in a saline solution, 0.85% up to 40 mL (inoculum solution) (MORALLES-ULLOA, 1994).
SILAGE PRODUCTION
The homogenous mass obtained was split into six plastic containers (10 kg/container) and added of 200 ppm of butyl-hydroxy-toluene (BHT) dissolved in ethylic alcohol plus 3% of a 1:1 mixture (volume/weight) of 88% formic acid and 100% propionic acid. After homogenous acidification (hand mixing) of the mass, the containers were covered with plastic lids and set to rest at room temperature.
Acid silage became a pre-treatment for other silages. Two containers were reserved as acid silage (AS), and incubated for four weeks; the others were used to produce the biological and enzymatic silages.
Biological silage was prepared from the acid silage three days after incubation, when the supernatant lipid layer was removed. To obtain the biological silage (BS), 14,000 ppm of inoculum solution of Lactobacillus plantarum plus 18% of sugarcane molasses (volume/weight) were added and homogenized to acid silage containers, which were covered with plastic lids and kept at room temperature for 3 weeks.
Enzymatic silage (ES) was obtained by the addition of 10 g of protease type II from Aspergillus oryzae (0.13 unit mg -1 solids; Sigma Chemical Corporation) diluted in 100 mL of distilled water to AS containers, also three days after incubation. After hand homogenization, the containers were covered with plastic lids and kept at room temperature for one week.
CRUDE LIPID EXTRACTION AND PREPARATION OF METHYL ESTERS
The analyses of the silages were carried out on a dry matter basis, according to the AOAC (1984) under the standardization of the Compêndio Brasileiro de Nutrição Animal (BRASIL, 1998). The crude lipid was determined after extraction with chloroform-methanol (FOLCH, LEES & SLOANE-STANLEY 1957).
Methyl esters were obtained according methodology described by HARTMAN & LAGO (1973) . Aproximately 200 mg of sample fat material (crude lipid) was added to a 50 mL volumetric flask. Five milliliters of 0.5N methanoic sodium hydroxide was added to the sample which was heated on a 65-70ºC water bath for 15 minutes. Ten milliliters of ester reagent (solution of ammonium chloride and sulphuric acid in methanol) was added to the heated sample. This mixture was boiled for ten minutes. At room temperature, two milliliters of petroleum ether was added and the volume was completed with a saturated sodium chloride solution. The solvent was then evaporated on a 60ºC water bath. The esters are now ready for high resolution gas chromatography (HRGC) analysis.
FATTY ACIDS ANALYSIS
Fatty acids were analyzed, after esterification, by HRGC on a Konic/HRCG 4000A, equipped with a flame ionization detection and fitted with a fused silica capillary column (CP Sil 88 Tailor Made FAME-Chrompak). The gas chromatography analyses were carried out according to AOCS (1998). Injector and detector temperature were programmed to 300ºC. Column temperature was programmed to 205ºC. Hydrogen was used as a carrier gas with a flow rate of 0.5 mL min -1 . The reference standard used was the 1-decanoic methyl ester. The fatty acids identification was obtained by the comparison of the retention time and the fatty acids pick areas with the reference standard.
RESULTS AND DISCUSSION
The decrease in the lipid contents of the silages in comparison to the raw material was due to the removal of the supernatant lipid portion three days after the development of the silages. Some authors mention that this fraction interferes in the quality of the silage, for the fatty acids that constitute the lipid fraction of fish are predominantly unsaturated and can easily oxidize resulting in changes in flavor, color, texture, nutritional value, besides being considered potential producers of toxic components. To avoid off-flavor problems, when the silage is offered for swine or poultry, the fish oil cannot be over 1% of the total lipid fraction of the ration (RAA & GILBERG, 1982).
In general, the proximate composition is extremely variable from one species of fish to the other and within the same species depending on the time of the year, type of diet and stage of gonadal maturation and, in the same fish, it will vary depending on the part analyzed (SALES, 1995). As the composition of the silage is very similar to the composition of the raw material, the nutritional value of silage will also vary according to the parameters mentioned above.
As observed in Table 1 , fatty acids present in the lipid fraction of the silages are predominantly unsaturated. Oleic acid was present in larger amounts. Among saturated fatty acids, palmitic and stearic acids were present in larger amounts. These results are in accordance with those presented by MAIA et al.
(1998), SALES (1995), VALÉRIO (1994) and GERON et al. (2007).
The fatty acids composition of fish silage is highly variable, depending directly on the raw material used in its production. ESPÍNDOLA FILHO (1999) evaluated acid silage produced from different species of fish and found larger amounts of saturated than unsaturated fatty acids, which was associated to the presence of pink shrimp (Farfantopenaeus brasiliensis) and sea-bob shrimp (Xiphopenaeus kroyeri) as components of the raw material used in the elaboration of acid silage.
In this research, only traces of Eicosapentaenoic (EPA) and Docosahexaenoic (DHA) fatty acids were found, diverging from results obtained by MAIA et al. (1998) , who found values of 2.3 and 9.7 g 100 g -1 of lipids, respectively, in the oil of acid silages made from tilapia waste. Also in the oil of acid and biological silage, GERON et al. (2007) found DHA values of 0.1 and 0.5 g 100 g -1 of lipids, respectively. On the other hand, the results found in this research agree with those reported to acid fish silage made from tilapia´s waste (ARRUDA, 2004) .
The fatty acids composition of tilapia's waste (heads) also was evaluated by VISENTAINER et al. 
TABLE 1 -FATTY ACIDS IN ACID, BIOLOGICAL, AND ENZYMATIC SILAGES
1 The values are averages of two replicates.
2 The values are averages of three replicates ± standard deviation.
Evaluating the fatty acids composition of acid silage produced from different species of marine fish, considered an important source of EPA and DHA fatty acids, ESPÍNDOLA FILHO (1999) found values of 1.1 and 1.1 g 100 g -1 of lipids of EPA and DHA, respectively. High contents of EPA (between 7.01 and 7.92 g 100 g -1 of lipids) and DHA (between 17.99 and 18.21 g 100 g -1 of lipids) were found in fish silages by VALÉRIO (1994) and MORALLES-ULLOA (1994). It can be explained, because both authors used sardine (Sardinella brasiliensis), a fish specie rich in EPA and DHA fatty acids, as raw material.
Unsaturated fatty acids are greatly accountable for oxidative alterations in foods, producing undesirable effects such as rancidity, color fading and loss of nutrients. For this reason, the adequate use of an antioxidant is important (SALES, 1995).
According to SARGENT et al. (1999) , eicosapentaenoic acid (EPA, 20:5n-3), docosahexaenoic acid (DHA, 22:6n-3) and, probably, arachidonic acid (AA, 20:4n-6) are considered essential in diets for marine aquatic organisms for normal growth and survival, but are not essential for tropical freshwater fishes (SARGENT, TOCHER & BELL, 2002) . This is primarily due to a capacity that most freshwater fish species have to convert the 18:3n-3 fatty acid to 20:5n-3 (EPA) e 22:6n-3 (DHA) fatty acids (MARTINO & PORTZ, 2006).
CONCLUSION
As the silages prepared in this research showed unexpressive values of these fatty acids, they can not be used in fish diets as a source of EPA, DHA, and arachidonic acid. However, the lipid fraction of the silages could be used as a feed stimulant or as a source of energy in freshwater fish feed. 
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